This academic/industrial partnership is directed towards removing fundamental wastewater processing limitations related to membrane fouling by developing advanced high flux, low fouling membrane materials and reducing these advances to practice by preparing spiral wound membrane units suitable for field testing.
NSF, "Gel Permeation Chromatograph for Polymers and Colloid Science Research
Program," $56,666.67, $85,000,10/97-9/98. This NSF equipment grant provides funds for purchasing a state-of-the-art gel permeation Chromatograph for use in determining molecular weights, molecular weight distributions, and composition distributions in polymers. This instrument will assist in characterization of the novel materials being synthesized for the ONR program.
American Water Works Association, "Development and Testing of New Nanofilatration Membranes for Application to Water Treatment," $18,000, $18,000,10/97-10/99. This grant is for studying low-fouling membranes for purification of drinking water and complements the Navy research program which is vectored towards wastewater remediation. Dense films of the polymers were cast from 10 (w/v) % polymer dissolved in Freon-113 with the exception of the PTAN* triblock films which were cast using a, a, a-trifluorotoluene as the solvent.
Water uptake and water flux increase with increasing PDMAEMA (hydrophilic block) content of the copolymer and are well correlated. The PTAN triblock copolymer has the highest water uptake and water permeability, suggesting that fluoropolymer morphology also influences water sorption and permeation. PTAN is a fluorinated acrylate whose side chains can crystallize, while PFOMA is a fluorinated methacrylate whose side chains cannot crystallize. No strong correlation is found between salt diffusivity or distribution coefficient with either PDMAEMA content or water uptake. Therefore, differential scanning calorimetry (DSC) was used to determine the amounts of freezing and non-freezing water present in these materials. For PFOMA-based materials, the amount of non-freezing water (which is tightly bound to the hydrophilic groups) PFOMA copolymers of additional compositions will be synthesized and characterized. Hydrophilic block copolymers containing hydroxy ethyl acrylate (HEA) as the hydrophilic block will be investigated. TEM and ADXPS will continue to be used as characterization methods for these new materials. Water permeability, salt diffusivity, and salt distribution coefficients will be measured for the new materials.
Additional crossflow experiments will be performed using PDMAEMA-b-PFOMA thinfilm composite membranes (containing 55 and 69 mol% PDMAEMA) to determine model contaminant rejection and fouling properties of these materials. Methods to prepare thin-film composite membrane samples at NCSU will also be investigated. Finally, copolymer samples will be sent to Dr. Harry Ridgway at the Orange County Water District (OCWD) for biofouling and atomic force microscopy (AFM) [used to measure surface roughness] characterization.
Research efforts by Professor Douglas Gin's group will be focused towards modifying membrane properties to achieve water permeation through these functionalized nanoporous materials. Approaches used will include: altering the water content in the films to increase the pore size and/or render the films less hydrophobic, aligning channels to ensure continuous pores through polymerizing in magnetic fields, and utilizing plasma etching to verify that pores are not closed at the surface. The water sorption and permeation properties of new samples will be determined at NCSU.
TA/PVP and TA/PEOXA blend samples of systematically varied composition have recently been supplied in larger (4.5 -5 g) quantities. Water permeation will be measured using films of uniform thickness.
A backpulsing unit, capable of controlling pressure difference across a membrane to ± 2 psi, was custom-built by Separations System Technology, Inc. . °U- ' The introductory viewgraph presents an overview of our research efforts to develop heterophase polymeric membrane materials for wastewater remediation. Nanofiltration materials must be low-fouling, permeable, and selective. Since it is difficult to achieve all of these properties in a single material, several classes of heterogeneous materials are being synthesized and characterized with respect to structure, morphology, permeation, rejection, and fouling: low The third slide presents water uptake of the UCB samples as a function of film thickness for Na + , Co 2+ , and Cd 2+ functionalized materials. Water uptake is measurable for all samples, and it appears to depend on film thickness of the Co 2+ and Na + materials. However, no measurable water permeation was observed for any sample, implying that the channels are not continuous throughout the samples. Plasma milling will be used to open these channels.
The fourth slide presents water uptake and glass transition data as a function of the hydrophilic blend component of the CWRU materials. For the TA/PEOXA and TA/PVP blends, water uptake, increases as the hydrophilic (i.e., PEOXA or PVP) content is increased. Both series show a single T g for each blend composition, indicating that these materials are not phaseseparated. The glass transition temperatures of the TA/PEOXA series decrease as the PEOXA content increases, while the T g of the TA/PVP series increases as the PVP content increases. These materials are being scaled up to larger sample quantities, and their water permeation properties as a function of blend composition will be investigated this year.
